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(57)Ab90«ct 

A biodegradable stent (10, 50) for insertion into a lumen (13) of a vessel (12) of a living being indudes a generally tubuiar 
biodesndable main body (11, 58). Tlic main body (U, 58) indudes an ejocricr surface (56) for contaaing the vessel when the 
main body is placed in the Uving being and an interior surface (54) contaaing a fluid passing thrpugh the liunen of the vessel. Tbc 
tubular main body (1 1, 58) is made of an array of indivudal biodegradable materials having individual rates of degradation. The 
Individual biodegradable materials incorporate a drug and release the drug into the himca (13) of the vessel ( 1 2) at a rate con- 
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BIODEGRADABLE DRUG DELIVERY VASCULAR STENT 

This Applica-tion is a Continuation-In-Part of 
U.S. Application NO. 07/771,655, filed October 4, 199i, 

BACTCRQtJNP OF THE IWVBrnOW 

This invention relates to a device fo^^ 
providing mechanical support to a vessel. Imen of a 

living being. 

A variety of nedical situations requires ttae 
use of * mechanism to expand and support a constricted 
vessel and to maintain an open passageway through tlxe 
vessel. A few examples of such situations followixig 
angioplasty include holding a dissection in place 
preventing closure during spasm, and preventing aca-fc 
closure due to thrombosis. In these situations 
15 devices, commonly knoim as stents, are useful to prevent 
stenosis of a dilat«l vessel, or to eliminate the danger 
of occlusion caused by "flaps" resulting from intinal 
tears tbat may be associated with angioplasty, or to 
hold two ends of a vessel in place. 

Stents have been made using materials of 
varied composition and conformation. M&6reevy et 
U.S. patents 4,690,684 and 4,770,176, describe a 
meltable stent that is inserted into the interior of tlae 
ends of a blood vessel during anastomosis. Anastomosis 
^-efars to the surgical or physical connection of tswo 
tubular structures, such as veins or arteries. rTlie 
stent is made of blood plasma, which is biologicaiiy 
compatible with the living being and which melts rapidly 
in response to heat. 

The Fischell et al. U.S. Patent 4,768,507, 
^gscribes an intravascular stent which is an 
unrestrained coil spring having an outside diameter of 
2 to 12 millimeters and a length of 5 to 25 millimeter's . 
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Thi& materials of constxuction are stainless steel, and 
a -titanium alloy. Decreased thrombogenicity i-s 
ada-ievable by coating the outside of the coil with a 
n'0'n~'^^'^^^»^'3f^!^9^.3?:^^.^^ such, as DLTI carbon. 

The Leeven «t al. U.S. Paten-t 4,820,298 , 
describes a stent having a fleacible tubular body Bad« 
from a thermal plastic to tbe form of a helix . 
Polyester and polycarbonate copolymers are selected as 
particularly desirable materials. 

The Wolff et al. U.S. Patent 4,830,003 , 
describes a stent made froa wires formed into a 
cylinder. The wires are made o£ a biocompaitible metal - 
Biocompatible metals include 300 series stainless steels 
SUCH as 316 LSS, as well as platinum and 
15 piatinum-iridium alloys, cobalt-cbromiun alloys such as 
HP35N, and unalloyed titamina. 

The WiJctor U.S. Patent 4,886,062, describes « 
stent made from low memory metal such as a copper alloy* 
titanium, or gold. THe stent is preformed into a 
20 two-dimensional zig-zag* form creating a flat eaqjandabl^ 
baxid. 

The Gianturco U.S. Patent 4,907,3 3 6, describes 
a wire stent having a cylindrical shape that resul-fcs 
jCrom em es^andable serpentine configuration. Halleabl« 
25 materials of construction are preferably included from 
the group of annealed stainless steels, tungsten azxd 
platinum. 

Goldberg et al., Canadian Application 
2 , 025 , 626, describe a bio-degradable infusion stent us^<i 
to treat ureteral obstructions. The applicatioxx 
describes an extruded material of construction made o£ 
epsilon-caprolactone (15-25* w/w of terpolym« 
composition); glycoside (5-50% w/w) and I.(-)lactia.< 
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(45—85% w/w) . This natex-ial was described as having a 
laixidLanm tensile strengliti of at least 50O pounds pear 
squazre inch., preferably 650 psi; elongation of greatec 
than 10*, preferably greater tHan 100%; and Shore A 
5 hardness equal to 50-1O0*, preferably 75-95%. The 
Goldberg et al. patent application describes a aethoca 
for incorporating radiopaque aa-terials sucb as barium 
sulfate into the polyaer in aaounte ranging txem S-30% - 
The aechanisa of biodegradation is described as 
10 hydrolysis resulting in degradablc products excreted ix» 
- - urine or reabsorbed into tissues. The duration 

functional life of the stent is estiaated at about 3-'7 
weeJcs. 

The Wilcoff U.S. Patent 4,990,155, describes 

15 a plastic stent having an inherently expandable coiX 
confoznation. The "inherency" results from an elastic 
memory conferred by electron beam radiation iii?)artincr 
cross-linkages that provide an inherent tendency to 
return to a given diameter after any distortion * 

20 Materials of construction include higli density 
polyethylene. Optionally, this material is coii?)ounde<a 
with an anti-coagulant and/ or an x-ray opaque BateriaX 
such as bismuth-sub-carbonate. 

The Shocidey et al. U.S. Patent 4,994,032 , 

25 describes a drug delivery dilatation catheter having 
three flexible, plastic tubes concentrically arranged 
relative to each other. The outermost sleeve of this 
catheter contains aicroboles for drug delivery. These 
aicroholes are made vitb a laser beam. Drugs that can 

30 be delivered by this system include aspirin, persantinv 
heparin, and prostaglandins. Drugs are delivered vfaen 
externally applied presstare causes the innermos't sleeve 
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to isalloon out. Thm drug is then forc«a through th^ 
micsaroholes to spray and to treat a lesion. 

Sigwart, Canadian Patent Applicatio« 
2,008,312, describes a stent made fron a aalleable fla-fc 
sbMt having a reticulated pattern. The reticalate«a 
pat=tem includes non-defomable squares or dianonds* 
Thft stent is made by rollixig the sheet and locking tM 
sHeet into a spiral having a small diane t e r- . The sheet 
is locked into a spiral by a tie interwoven into tlx« 
reticulated pattern. Once inserted into the lumen of a 
vessel, the spiral is eaepanded and held In place by 
flaps integrated into the outer body of the stent. 

The Kami et al. U.S. patent 4,950,253*- 
desc=xibes a biodegradable molded product having a first 
15 shape. The molded product is deformed at an elevated 
deforming teii?»erature to form a second shape. T&« 
product is then cooled. When the product is reheated Ho 
a prescribed temperature, the product recovexs the first 
shape. 

The Brandley et al. U.S. patent 5,032,679 
describes a glycosaminoglycoside (GAG) coa^osition mad« 
of tetrasaccharide units derived from heparin/heparin 
sulfate. The composition has use in preventixx*^ 
proliferation of smooth muscle cells. 

The Mares et al. U.S. patent 5,061,281. «> 
describes a medical device made from a resorbable 
hofflopolymer derived from the polymerization of an alph»— 
hydroacy carboxylic acid. The resorbable honopolymer h»« 
an average molecular weight of from 234,000 to 320,00 0 
as meeisured by gel permeation chromatograpliy. 

The Sinclair U.S. patent 4,057,53Tr describe^ 
a copolymer prepared by copolymerizing an optically 
active lactide and epsilon caprolactone in tbe presence 
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of a. tin ester of carboxylic acid. The copolymer is 
biod adable « 

The Sellor, Jr« et al. U.S. patent: 4,550,447 , 
d«^sC3ribes a porous tube for use in a lumen of a vessel - 
5 The porous tube includes ribs for ingrowth. Pores of tti« 
ppr-ous tube promote tissue ingrowth. 

The Spears U.S. patent 4,799,479, describes 
the use of a heated balloon to fuse tissue of a bloo^ 
vessel. The balloon is heated by a laser. 
10 The Spears n«S. patent 5,092,841, describes 

the tise of a heated balloon to bond a bloprotectivs 
matex-ial to an arterial wall. The bioprotectiv^^ 
matex'ial permeates into fissures and vessels of tlxe 
arter-ial wall. 

15 The Sawyer U.S. patent 5,108,417, describes a 

stent; made from a helically shaped titanium or aluminum 
strip having an airfoil on an interior surface. Ttx^ 
airfoil increases blood flow velocity through the stent:* - 
The Hillstead U.S. patent 5 , 116 , 3 18 , describes 

20 a dilation balloon assembly that includes an expandaible 
sleeve. The expandeJsle sleeve, positioned arcxind ^ 
balloon of the assembly, eliminates a formation 
••blade-like" edges on the balloon. 

The Savin et al. U.S. patent 4,950,227 «^ 

25 describes a stent delivery system that includes a pax^r 
o< expandable cuffs that are positioned over opposing 
ends of a stent. The stent is positioned around a 
balloon attached to a catheter. The cuffs ar'e 
positioned around the catheter so that when tbe balloon 

30 expands, expanding the stent, the stent is released fro» 
tile cuffs. 

Cox et al* in Coron. Artery Pis, 3 at 3 (1992 > 
describe a tantalum stent that is balloon expandable azxci 



WO93/0«792 



PCr/US92/08^3 



-6- 



±s coa1:ed withi a cellulose ester. The ceilulose esX^^x 
Includes methotrexate, heparin or a c oin b in a - ti o n of bO'tli 

The stents mentioned do nofe remedy a-Xl 
5 pzroblems relating to stents. In partic u la r , some as«s 
re<auire stents to safely degrade within tHe bloodstream 
of an artery or vein over a period of veeJcs to montbs. 
such stents mist meet particular criteria. Foir 
izistance, such stents must be conpatible wi'tli 

10 suxTOunding tissue in the vein or artery as well as witb 
bXood flowing through the vein or artery. Degradati-on 
prodiicts must be prevented from forming emboli. 

Stents should also optimize flow through a 
ve±2t or artery. Additionally, there is a need f oar 

15 stents which deliver agents or drugs to blood passing 
thr-ough the vein or artery that are generally beneficial 
to the recipient. Also desired are stents which c^xi 
deliver drugs or biologically active agents at a 
controlled rate to blood passing througb the vessel 

20 lumen as well as to the vessel wall. 

gTTMMaRY qy THE TNVENTION 

The present invention includes a stent fox- 
insertion into a Ixmen of a vessel in a living bein^ - 
The stent includes a generally tubular main body having 

25 an exterior surface for contacting the lumen when t&« 
stent is placed in a living being and an interidx- 
surface contacting a fluid passing through tbe lumen of 
the vessel. The tiibular- main body is aeide fron an arrAV 
of individual biodegradable materials having individual 

30 rates of degradation. The individual bi.odegradab3.e 
materials incorporate a drug amd release tlie drug inrfco 
the limen of the vessel at rates controlled by the rat< 
of degradation of the biodegradable materials. 
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BRTEF DESC RTPTTOW OF THE DRAWTNGS 

Figiire 1 is an enlaarged perspective view 
one eiobodiment of tlie stent ot the present invention «^ 

Figure 2 is a cross-sectional view of ttxe 
5 sten't embodiment. 

Figure 3 is an overviev of one embodiment of 
opposing edges bounding a slot extending lengthwise 
alon^ the .main body of the stent of the present 
invention* 

10 Figiure 4 is an enlarged perspective viev of a 

colX^d stent embodiment of the present invention. 

Figure 5 is a cross-^sectional view of a mai-n 
body of the coiled stent embodiment of tbe present 
invention. 

15 . 

pgTAlXED DESCRTPTTOW OF THE PREFERRED EMBODIMENTS 

The present invention dLncludes a biodegradabXe 
stent generally illustarated at 10 in Figure 1. T2x« 
stent 10 releases drugs into a tubular vessel 12 having 

20 a lusien 13 in a living being. The rate of drug release 
is controlled by the rate of degradation of ttx« 
biodegradable materials. The stent . 10 also provides 
mechanical support to a tubulzir vessel 12 In a living 
bexn9« The stent strengthens an area of the vessel tha^ 

2S is In contact with the stent 10. 

The stent 10 includes a generally tubular mai Ti 
body 11 ^d a plurality of fibers 18 disposed suround tlx^ 
main body li. A plurality of apertures 14 exterEd 
through the stent 10 . The stent 10 also includes a slo'^ 

30 26 extending the length of tbe stent. 

The tubular main body 11 includes an out&^r 
surface 16 and inner surface 22. The outer surface 1-^ 
of the main body 11 faces an inner surface vail 24 o'£ 
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tHe vessel 12. The inner surface 22 of the stent 2-0 
faces a stream flowing through the lumen 3.3 as shown iJi 
caross section in Figure 2. The stent o£ the pres««* 
invention nay range from 1 millimeter in d-ianeter to SO 
5 millimeters in diameter and from 1 millimeter in lengfcli 
to 50 millimeters in length. The size of the stent a-s 
dictated by the lumen o£ the vessel to which the steixt 
is placed. The tiiTril main body suitably has a length 
of up to approximately 5 centimeters. 

The plurality of fibers 18 disposed around ttLe. 
»»^Ti body 11 contacts tlie duter surface 16 of the mal^ 
body. In one preferred embodiment, the fibers ar-« 
' arranged concentrically around the main body, encirdincT 
the outer surface l£ in an annular alignment. Tlx« 

IS anniilar alignment is ordered so that individual fiber's 
are separated by approximately the same distance- • 
Alternatively, the fibers are arranged in annular pair's 
or triplets. In another embodiment, the pluraUty 
fibers abut each other in annular eulignment:. 

20 In another embodiment, the plurality of fiber's 

18 of the outer surface are braided. Braided fibers aS'« 
also arranged in annular alignment around tlxe nain body 
of the stent 10. In one other embodiment, the fiber's 
are woven. Woven fibers increase the stretch aii<a 

25 flexibility of the stent compared to fibers which air^ 
not woven. Solid fibers, hollow fibers, or a 
combination thereof can be used for any of tlx^ 
embodiments described above. 

The plurality of fibers 18 of the main body 1.3. 

30 can be formed by techniques weil known in the arfc- 
These techniques include melt, wet and dry spinning. 
High molecular weight polymers having a range of 200,00 O 
to 3,000,000 daltons are preferred for successful fibe^Jr 



production. One exainple of a biodegradable material 
]neetia.n9 tlxis cxiterion for fiber manufacture is 
poly — L-lactide . 

The fibers generally undergo furthezr 
orientation in the extruded direction, one technique 
for orienting the fibers is to stretch the fibers at a 
temperature range of 50* to 150 

Desirably, the plurality of fibers 18 disposecSl 
around the main body 11 of the stent 10 have an outezr 
diameter not exceeding approximately 0.2 millimeters- 
In t:lie case of hollow fibers , ' the vail thicknesses 
shouXd be within the approximate range of 25 to 10 O 
microns. Preferably, the fibers should have a tensile 
strength in a range of 4,000 to 500,000 pounds peir 
square inch and have a modulus of 200,000 to 2,000,000 
pounds per square inch. 

In one emboddlment, the main body includes ^ 
film that is preferably combined with the plui-ality o£ 
fibers disposed around the main body ll. The film 
combined with the plurality of fibers defines the outeir 
surface 16 of the main bo^. The plurality of fibers 
can be combined with the film using any ntmber 
conventional methods. In one conventional method # 
solva-fcion sealing, the steps of heat pressing and 
extrusion molding combine the film and fiber productior^ 
into one step for the orientation of the polymexr 
siateraals. Additional methods include solvent sealing 
of the fibers to the film or heat melting processes f ozr 
the annealing of the multiple layers. By the solvatiorx 
sealing method, fibers and film are combined to form th& 
outer surface into a single biodegradable material 
matrix. 
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preferably, the main body 11 of the stent lO 
inciudes a film 22, covering the inner surface 22. Tlx« 
filBx 32 of the inner surface 22 is foraed by 
coxa^entional methods sucH as heat or pressiare extrusiox* 

Of solution casting. 

Additionally, the present invention includes 
^ enbodinent where the inner surface 22 and the outear 
s^ace 16 of the nain bo«^ H are separated by at leas-fc 
on« interior film layer. The interior film layer 
iixtegrated into the nain body by wiltiple casting wittx 
th« inner and outer surfaces. OSie present inventioxx 
fua^er includes a inain body having more than on« 
biodegradable interior film layer. Desirably, tix« 
taii.c=lcness of the main body does not exceed approximately 

(J.2S millimeters- 

The plurality of apertures of the present 
invention is preferably ordered around the main body t;o 
form rows of apertures. Figure 1 illustrates two ro«rs 
o£ apertures, the length of each row extending tlx« 
length of the tubular main body. In an alternative^ 
eajjodiment, the plurality of apertures are ordered to 
form one row having a length extending the length of t&« 
tubular main body. The apertures within the one row axre 
bounded by edges 28 and 30 bordering the slot 26. X« 
one other embodiment, the plurality of apertures axr« 
ordered to form a row extending less than tbe length o£ 
tba main body of the stent. In another embodiment, tXx^ 
plurality of apertures are not ordered but are located 
randomly over the main body of the stent. 

suitable shapes for the individual aperturess 
include both asymmetrical and symmetrical shapes such as 
ovals, circles, or rectangles. Also, apertnires may 1:^ 
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aade in a variety of sizes. The apertures can be foraieca 
by aJny conventional aeans such as stamping. 

The slot 26 extends the length of the stent: 
and -is defined by opposing edges 28 and 3© of the aaizi 
5 boay as illustrated in Figure 3. In a preferred 
embodiment, the fibers 18 are oriented fibers and ar^ 
f ixedl to the outer surface 16 of the main body 11. fOiexi 
the slot 26 is formed, the oriented fibers iS provide « 
sp^-xzig force in an outward substantially radial. 

10 direction. The outward spring force increases tb« 
effective diameter of the main body t^le the slo'b 
permits compression or reduction of the effective 
diameter. Once formed, the stent is normally at its 
effective ^ayiwinii diameter . and the slot is at i'ts 

15 widest. 

In use, the stent is positioned at the innezr 
surface wall 24 of the vessel 12 by radially compressing 
the stent to a tubular diameter less than the diametear 
of the vessel 12 and moving the stent to a desired sit« 

20 within the vessel. The stent is secured by releasing 
the stent from compression so that the stent can 
radially spring out to abut against the inner surface 
wall 22 of the vessel 12. 

In the most preferred embodiment, tl»« 

25 biodegradable stent of the present invention is made 

biodegradable materials that are also biocompatible. BV 
biodegradable is meant that a material will underg'O 
breakdown or decomposition into harmless compoiinds »« 
part of a normal biological process. It is iaportant fc-o 

30 the present invention that the plurality of apertures l.-* 
in the main body 11 of the stent promote the successfi»i 
biodegradation of the stent 10. Optimally, tto.« 
plurality of apertures 14 permits epithelial cells Co 
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on th. stent 10. It i» ^\ ^ 

^tthelial cll growth will «cap«a.t. partx=l« o* tb. 

s^e».t dmrln, biode,r«tation that would otherwise ca^ 
loo»« and £or» «lx.li In the bloodst«an. 

suitabl. l,io*nrad^l« «t«i<Lls £or the naitt 
body 11 of th. .t«t 10 ot th. pr.««t inv«*ion include 
poly-lactic polwly«»lic add (rs») , collagen 

=onn«=tiva protein, or natoml material., 
poXjrcaprolactone, hylaurlc' acid, adheslv. P''*'^; 
„ L-pol^ o£ these „teri.l. a- well as composite, a^ 
^ination. thereof ^ oonblnations of cthe=- 
biodegradable pol,--^. Biodegradable glass o^ 
• bL-cSv. gla.. is al" « bxcdegradabl^ 
^««i.l for nse in the pr..«.t invention. 
th- material, have been approved by the O.s. Food an* 

gcua idministration. ^ . . . — 

The present invention includes a biodegradabX« 
^t incorporating a variety of biodegradable -«terial» 
^tfain it. For instance, in one e.bodl.e-t, the film 
3^ fibers covering the inner ««£«» « of the »i» 
tody 11 of the biodegradable stent is «d« of elth.*' 
poiylaotio «=id, polyglycollc acid (PfflL), collage «»r 
connective protein, or natural »at«:ial«, 
polycaprolactone, copolymers of these " J"^ 
comoosites thereof and combinations of oth«= 
"odegrTdable polymer.. The f 10- ««rln, the o«t^ 
L^ace 16 along with the plnmllt7 « ^ 

of either collage, hylauric acid, "^^^^ 
protein., copolymer, of these -at«^ a- ^ »- 
30 Lmposites and combinations thereof. The prese»^ 
Lotion includes an embodlm«.t where fibers are .ad. 
feom -ore than one biodegradable n.t«ial. '^'^ 
present inv«.tion incind- an e=bodim«.t where the £H-m 
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is made from a biodegradable matierial dif fez-ent froa the 

One other embodlaieirt of the biodegradable 
sHenl: of the present invention includes a biodegradeUsl^i 
5 coiled stent, illustrated at 50 in Figure 4- The coiled 
stent 50 includes a naln body strip 58 made of a 
biodegradable aaterial, having an exterior sizrface 56 , 
a casbered interior surface 54, a leading end 66 and a 
trailing end 68 opposing the leading end. Tb« 

10 biodegradable coiled stent 50 is most preferabl^T 
helically coiled. 

The biodegradable coiled stent 50 mos^ 
preferably has a length-to-diameter ratio of at leas't 
about: l-to-2. The length-to-^iameter ratio of at lea^'l^ 

15 abou^ l-to-2 prevents the coiled stent from flipping out 
of position and tumbling through the lumen. In on« 
embodiment, the coiled stent 50 has a length at at leasts 
abou^ 3 mm. The main body strip 58 of the coiled stenti 
50 is preferably made from a strip of biodegradable 

20 material having a width of about 2 millimeters. 

The main body strip 58 is most preferably 
formed into a plurality of individual, integral coils as 
shown at 62 and 64 to make the coiled stent 50. Th« 
individual, integral coils 62 and 64 are spaced to 

25 permit epithelial cells to gzw on the coiled stent 50 - 

The exterior surface 56 of the main body strip 
58 faces the lumen of the vessel. The exterior surface 
56 is preferably textured by a plurality of pores (no^ 
shown) . The pliarality of pores are sized and positioned 

30 in order to promote adhesion of the coiled steiit 50 to 
tiie vessel wall. Specifically, the pores are sized to 
promote ingrowth of cells of the vessel wall onto th^ 
exterior surface 56. In one embodiment, the pores hav^ 
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a ci-iameter within a range of about o.l to 30.0 microas 
and an apparent density of about 10 to 70* of a no»— 
posrous material density* 

The caabered interior surface 54 of the naiJa 
5 bod:S' strip 58 contacts the fluid stream passing througrir 
tha lumen of the vessel once the strip 58 has beert 
coxJLad and inserted into the lumen. The cambereci 
iatierior surface 54 is preferably symmetrical and 
smooth. The cambered interior surface 54 of the mai» 

10 body strip 58 includes a camber 60, most preferably 
having a maximum angle of curvature within a range o£ 
about 10 to 20 degrees. The camber 60 extends 
outrwardly, into the fluid stream, in a convex fashion as 
shown in cross-section in Figure 5. 

15 The leading end 66 of the main body strip 5S 

faces a direction of flow of f Ixiid passing through tb« 
vessel lumen. The trailing end. 68 opposes the leading 
end 66. Most preferably,, the main body strip 58 has 
a tHictoess that is substantially the same at th« 

20 leading end 66 as at the trailing end 68. In on« 
preferred thickness profile embodiment for the main body 
s^-rip 58 illustrated in Figure 5, the main body 58 has 
a TiL7"-''^"» thickness at the leading end 66 and trailing 
exid 68. Preferably, the thickness is symmetrically 

25 tapered to approach zero microns at each of the leading 
end 66 and trailing end 68. 

The cambered interior surface 54, the leading 
end 66 and the trailing end 68 together prevent th« 
formation of eddys, formed in a wake that is made when 

30 a. fluid such as blood passes through each coil 62 and 6A 
of the coiled stent 50. The cambered interior surf ac^ 
54, leading end 66 and trailing end 68 are also beUevetd 
to reduce the wake size for- each coil 62 and 64 and ar^ 
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beXo^eved to reduce pressizre drag on each coll 62 and 64 • 
The ^rasibered interior surf ace 54, the leading end 66 and 
the ^trailing end 68 of 12ie stent are believed to prevexx^t 
the . fprBiatipn„ of„ eddys for, stents .made - of - mat^^ 
5 otlx&^ than biodegradable materials. Thus, the present 
invetntion includes embodiments having a leading end 66 , 
ca2ZLl>ered interior surface 54 and trailing end 68 made of 
biooompa table materials that are not biodegradable btxt 
will produce the desired reduction in pressure drag. 
10 To install in a lumen of a vessel, the coiled 

sten^ 50 is positioned at a vail (not shown) of ttx« 
lumexi by radially compressing the stent to a tubulaz* 
diameter less than the diameter of the vessel and moving 
the stent 50 to a desired site within the vessel. Ttxe 
15 steirtz 50 is secured by releasing the stent 50 from 
compression so that the stent 50 can radially spring ott^ 
to abut against the wall of the vessel. 

In one installation embodimeiit, tbe 
biodegradable coiled stent 50 includes a plurality o£ 
20 Biicx-ocapsules that are d±si>ersed in the biodegradable 
mateirial. The microcapsules contain a material, tha'^ 
induces crosslinldng of the biodegradable material. The 
biodegradable stent including the plurality o£ 
microcapsules is further expanded while in the lumen and 
25 is heated with a heated balloon and is cooled while th^ 
stent is in an expanded position. 

The balloon contacts the cambered interioxr 
surface 54 of the coiled stent 50 and heats the stent:* 
with a magnitude of thermal energy that will ca\ise th^ 
30 microcapsules to bxsrst and releeise the material that:* 
induces crosslinking. CrosslinJcing the biodegradable 
material imparts a strength to the stent sxiff icient to 
hold open the lumen. 
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The thernal energy will not be of a magnitude 
great enough to change surrounding Imnen tissue. r» 
particular, the thermal energy will not either £«s« 
lum^ tissue or cause a bonding o£ tissue with tlr« 
5 st^t. TO the contrary, it: is iaportaat to the coiled 
stent eMbodiaent 50 of the present invention tha-t 
ti^exmal energy ttcai the balloon not change living lu»e« 
•tissue. 

The thermal energy includes energy derive*! 
10 from heated fluids, electromagnetic energy aixd 
ultxasonic energy. In one embodiment, the thermal 
enexgy heats the biodegradable material of the stent to 
a temperature above a glass transition temperature orC 
the biodegradable material but below a melting point o£ 

the material. 

m one other embodiment, the thermal enerTO" 

Heats the biodegradable material of the stent to a first 
tefflperature that is lower than the glass transition 
temperature of the biodegradable material. Then, tli« 
stexrt is heated to a second temperature above the gla«» 
transition temperature of the biodegradable material- 

once the biodegradable material of the stent 
is heated above its glass transition temperature, t&e 
material softens. The balloon is then expanded. TUe 
e3Q,anded balloon radially enlarges the diameter of tJxe 
stent. The stent, having an enlarged diameter, is th«n 
allowed to cool in an expanded position and the baUooxi 
removed. In one othef embodiment, the stent As 
expanded by the balloon before being Heated to a 
temperature above the glass transition temperature of 
j_ts biodegradable material - 

The present invention includes one oth^ 
installation embodiment for a biodegradable stent having 



a b-±odegradable tubalaur main body. The biodegradable 
tubular main body is made of a deformable, biodegradabXe 
material that: overlays a balloon of a ca'Uieter. When 
the _ defprmablc; jDj.pdegradablei„.. material _ overlays ttae 
baXXoon, the material assxsmes a shape of tbe tubulsur 
ma±Ti body. Acceptable tubular shapes include a slottedl 
t;iJ3txlar shape as shown in Figure 1 and a helicalXy 
coxXed shape as shown in Figure 4. The deformable, 
biodegradable material is preferably coated with a 
biodegradable, biocompa table film that adheres ttx^ 
biodegradable material to the balloon. 

In one embodiment, the biodegradable fil^ 
fonxis a water soliible, viscous interface between ttx^ 
tubular main body and the balloon when wetted. Ttx^ 
fiXs . gradually dissolves in a water component of blood 
whxle passing through the lumen. The biodegradable fiXn 
dissolves at a rate that permits adherence of t]3.e 
tubular main body to the balloon by the film during 
passage of the stent and balloon through the lumen and. 
dxirlng an expansion of the balloon and the txibular maXxi 
body* However, the film is dissolved once the stent i-s 
expanded to a degree that permits the stent to 
separated from the balloon. The water soluble film is 
acceptably made from materials that include hi^Jti 
molecnilar weight polyethylene glycol, high moleculaar 
weight carbohydrates amd high molecular weigi*^ 
polyvinylpyrrolidone. The water soluble film al^o 
acceptsLbly includes an antithrombic drug to aid in tlxe 
reduction of tfirombosis. 

In another embodiment ^ the biodegradable ^ 
biocompatable film is meltable upon application a£ 
thermal energy- The meltable film is acceptably mad.« 
from ionic, crosslinJced polymers that include 
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coznbinations of anionic carbohydrates witti polycations • 
The balloon of the catheter^ having ttx&, 
bi-odegradable tubular sain body adhered, ±s positioned 
vx^thin the lumen at a site where the tubular main body 
5 — oC ^th«^^'tent is to-be- installed i Once positioned, ttx^ 
baXloon is esqpanded, radially expanding th« diameter of 
the tubular main body. The biodegradable tubular aai-n 
]3ody is then heated to a temperature above the glass 
transition temperature and below a meltingr temperatur^^ 
10 o£ the biodegradable mater i2J.f softening th« 
biodegradable material of the tubular main body* 
Heating the tubular main body also melts the meltable 
film coating of the tubular madln body^ permitting" 
rel^s^ of the tubulaur main body from the talloon- 
15 The source of energy for heating the t iib u lflx r 

main body is suitably derived from heated fluids 
eleotromagnetic energy and ultrasonic eneirgy« In on^ 
embodiment, a fluid contained in the balloon is heated 
jyy a. heating element also contained in the balloon. 
20 The tubular main body is subsequently allowed 

to cool, once the main body is cooled, the balloon is 
deflated and removed from the limen. The cooled and 
strengthened biodegradable stent remains in the lumen* 

present invention also includes 
25 embodiments where the def ormable, biodegradalsle materiaX 
of the tubular main body is strengthened by an 
^plication of mechanical energy. In one embodiment ^ 
the mechanical energy is applied to the tubular maixx 
body to reorient molecules of the biodegradable material 
30 of the stent. The mechanical energy is applied at a 
temperature below a glziss transition te3q)era.ture of th& 
material. The mechanical energy is of a magnitude 
below an elastic limit of the biodegradable material. 
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In another embodiment using mechanical energy # 
the biodegradable material o£ the tubular main body 
incltides the plurality of microcapsuies. Tlh« 
micx^ocapsules include materials that induce cxosslinkincr 
jji t^e biodegradable material. The mechanical energy is 
appXled to thie tubular main body in order to burst tbe 
]Bj:cx*ocapsules. Once burst, the microcapsules release 
the materials that induce crosslinking of tbe 
biodegradable material. The biodegradable material is 
then crosslinJced and is strengthened. 

The mechanical energy is applied by inflating 
the l>alloon to which the ti^bular main body is adhered* 
Inflating the balloon radially expands and stretches tb« 
def oxmable, biodegradable material of the tubular maixx 
body* The stretching is of a magnitude to reorientz 
molecules of one stent embodiment* The stretching is 
also of a magnitude to burst microcapsules contained ixx 
the biodegradable material of the second embodiments 

In one embodiment of the biodegradable coiled 
stent: 50, the main body 58 is made from a single 
jjjijividual biodegradable material such as polylactic 
acid (pla) . Preferably, the pla has a lew degree o£ 
polymerization (dp) • 

In one other embodiment, the main body 58 is 
25 made from a plurality of individual, bicdegradabls 
materials arranged in layers. Each of the individuals 
biodegradable layers has distinct physical and chemicaX 
properties « 

In one layered embodiment of the coiled sten^ 
50 , an inner layer contacting the fluid passing througtx 
tbe vessel lumen, is made of either polylactic acid^ 
polyglycolic acid (PGA) , collagen or other connective 
proteins or natural materials, polycapro lactone^ 
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coE^olymers of these materials as well as composltas 
tn^reof and combinations, of other biodegradaUl-e 
poi-ymers. An outer layer, contacting a wall of tlx« 
vessel lumen, is made of either collagen, hylauric acidr 
adlxesive proteins, copolymers of these materials as wel-1 
as composites and comijinations thereof. 

one advantage of using the variety of 
biodegradable materials within the tubular main body 
embodiment of Figure 1 and the coiled stent embodlme»-fc 
50 of Figure 4 is control of degradation. Biodegiadabl.« 
materials degrade at different rates, ranging from veelcs 
to several years. Consequently, the presence o:C 
different biodegradable materials in the stent permits 
tlx^ stent to degrade in a predictable, orchestrate 

15 faisliion. ^ ^. « 

The stent embodiments of the present inventxoxi 

fujrther include incorporation of a drug or drugs ox- 
otlxer biologically active materials. Tl»e drugs axre 
contained within the biodegradable materials of whiolx 
tue stent is composed. As the stent biodegrades , dru^s 
aare administered to tbe surrounding tissue or to t^e 
blood stream. Thus, the rate of drug release is 
controlled by the rate of degradation of tti« 
biodegradable materials. A material ttwt degrade 
rapidly will release tbe drug faster thao a material 
tbat degrades slowly - 

Additionally, the rate of drug release caxi 
eitber accel«^te or slow down the rate of degradation 
of the biodegradable material. Thvs, Cte rate of 
release of a drug acts as a control quanCity for t&e 
rate of degradation. For instance, one c=oiaed sterxt: 
embodiment could include a coiled main bodr »a<i« * 
strip having four layers. A first layer, coaitacting t&e 
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vessel vail, could lncorporat:e the drug, f Usronectin • 
A second layer contacting the first layer, couXd 
incorporate the drug fibronectin at a lowex* 
concsentration than the first layer. A third layesr 
5 con't^cting the second layer could incorporatr^e 
fibronectin at a lover concentration than either ttxe 
firsi: or the second layer. A fourth layer could contact: 
the fluid passing through the luaen and couJLcl 
incoxporate the drug, heparin. 
10 The drug fibronectdLn accelerates grovth o£ 

ceXlfi surrounding the s^tent. The accelerated grovth of 
celXs accelerates resorption reactions of the firsti 
layez of the stent. A reduced fibronectin concentration 
in -ttxe second and third layers slows down the resorption 
15 reac7t:ions so that the degradation of the first three 
layers will proceed aH a cuaulative rate that is 
compA^ihie vith the degradation of the fourth layer. 

Drugs are incorporated into the biodegradable 
stenti using techniques Jcnovn in the art. The techniq[ues 
20 include simple mixing or solubilizing vith polymez" 
solutiions, dispersing into the biodegradaJdle polyme^r 
durxn? the extrusion ot melt spinning process, oS" 
coatiii? onto an already formed film or fiber. In one 
embodiment, hollov fibers, vhich contain 
25 anti-thrombogenic drugs , are eurranged in a parallei 
concentric configuration vith solid fibers for added 
support for use on the out:er surface 16 of the main bodV' 
11 of the stent 10. 

Further, drugs can be incorporated ±nto the 
30 film of both the inner and outer surfaces by usin^ 
methods such as melting or solvation, if an xnterioir* 
film layer is present vit:tiin the main body as veil, th& 
interior layer and inner and outer surfaces are therm 
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conxfcined with each other such as by aecbanxcally 
pressing one layer to the other layer in a process 
augmented by heat or solvation adhesives. In anotbear 
eatoodiaent, drugs or biologically active agents ar« 
incorporated into the film layer and surfaces W 
ent=irapment between the layers and surfaces oi: 
biodegradable material sandwiched together, thereby 
further promoting release o£ the drugs ox agents at 

different rates. 

The drugs or other biologically active 
^terials incorporated into the stent of the present 
invention perform a variety of functions. The function* 
include but are not limited to an anti-clotting oar 
anti-platelet function; and preventing smooth muscle 
cell growth on the inner surface wall of the vessel - 
Tl,e drugs include bat are not limited to drugs that 
innihit or control the formation of thronbus ott 
thrombolytics such as heparin or heparin fragments, 
aspirin, Coumadin, tissue plasminogen activator (TPA) , 
urokinase, hirudin, and streptoKinase . 
antiproliferatives (methotrexate, cisplatxn . 
fluorouracil, Adriamycin, and the like) antioxidants 
(ascorbic acid, carotene, B, vitamin E, and the like) , 
antimetabolites, thromboxane inhibitors, non-steroidal 
and steroidal anti-inflammatory drugs, Beta and Calciiaa 
channel blockers, genetic materials including DMA ai»d 
BHA fragments, and complete expression genes , 
carbohydrates, and proteins including but not limited tso 
antibodies (monoclonal and polyclonal) lympholcines axx<i 
growth factors, prostaglandins, and leukotrienes. Ttx^ 
stent also incorporates bioactive materials such »s 
f ibronectin, laminin, elastin, collagen, and intergrins - 
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FliDXonectiin promo'tes adherence of the s1:ent to I^Ae 
tissue of the vessel 12. 

In one specific example of a l3iodegradai>3.e 
aaiierial incorporating drugs , a poly-L-lac-tide having an 
5 intixinsic viscosity of 2.3 dl/g is used to fo^ra 
monofilament fibers using a spdLn or melt spinning 
process* Five percent aspirin or 5% heparin 
incorporated into the mel^ of ^e poly*-L-*Xactide prior* 
to fiber formation. The fibers formed had a diameter o£ 
10 appr-oximately 0.5 millimeters. The monofilaments vexre 
then sturetched under temperatures ranging from 50^ C tro 
200^ C to orient the fiber. The temperatrure employed 
depends upon the ]cind of ma^ex-ial used 1:o make t^txe. 
fiber. The final diametier of the oriented fiber falXs 
15 vilitiin a remge of 0.1 1:o 0.3 millimetexrs. Similar 
processing was used 'to incorpoz-a-te 5% aspirin or 5-% 
heparin into poly-L-lactide and polyglycoLide. 

Just as the use of a vaxiety of biodegradsUdXe 
malierials facilitates a controlled degradation of ttxe 
20 biodegradable stent, so similarly does the incorporation 
of a variety of drugs in^o the. biodegradable materiaXs 
f acilitaHe control of dmg release to perform a varietiy 
of functions. For instance, dr^gs released from ttx& 
ou^er surface as the oul:er surface degrades f acilitat^a 
25 adherence of the stent t:o the inner siurf ace wall 24 ofT 
the vessel 12. Drugs released from fiber's perform a 
variety of functions, ranging from promoting cell gro%rC^ 
to altering the blood clotting mechanisms, dependira^ 
upon from what fiber tihe drug is released. In on« 
30 embodiment, drugs released from lihe inner surface 22 o£ 
the stent as the inner surface degrades temper platela^ 
function in blood flowing through the lumen 13. 
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The rate of release of drugs promoting cel3. 
growth has the capability of increasing the rate 
de^adation of the biodegradable stent by increasing a 
rate, of resorption. Similarly, the rate of release 
dru^ promoting cell growth has the capabiUty o« 
decxreasing the rate of degradation by decreasing th« 
rat^ of resorption. The stent of the present intrentxora 
i^Ludes embodiments where drugs are incorporated in a 
,^er that both increases and decreases the rate o£ 
degxradation of the biodegradable stent over the life 
'tbe stent:. 

Although the present invention has been 
described with reference to preferred embodiments, 
woxrlcers skilled in the art will recognize that changes 
be made in form and detail without departing from 
the spirit and scope of the invention. 



wo 93/06792 



-25- 



PCT/US92/08^3 



wpa^T TS CLAIMED IS; 

1« A biodegradable s^ent for insertion into a 

lix»en of a vessel of a living being, the stent: 
comprising: 

a generally tubulao: biodegradable main bociy 
having an exterior surface for 
contacting the vessel vhen the main body 
is placed in the living being and ^xt 
interior surface contacting a flix4.d 
passing through the lumen of t:he vesse , 
the tubular main, body made from an array 
of individual biodegradable materials 
having individual rates of degradation, 
the individual biodegradaible materia3.s 
Incorporating a drug and releasing tl^e 
drug into the lumen of the vessel at a 
rate controlled by the rates o£ 
degradation of the biodegradabX^ 
materials. 

2. The s*tent of claim 1 wherein the tubul^ur 
biodegradable main body includes a plurali^fy of layers 
made from the array of individual biodegradabXe 
ina^erials that degrade al: different rates. 

3. The stent of claim 1 wherein the blodegradabXe 
aialn body includes a drug that is releasable at a rat^e 
^tha't modifies an individual rate of degradation of 
individual biodegradable material. 

4 . The biodegradable stent of claim 1 wherein tta.e 

plurality of drugs includes bioactive materials such »s 
fibronectin, laminin, elastin^ collagen, and intergrin^ ^ 
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heparin, heparin fragments , aspirin, counadin, tissue 
plasminogen activator (TPA) , urokinase, hirudin^ 
stareptoJcinase, antiproliferatives netliotrexate , 
cisplatln, fluorouracil/ Adriamycin, ascorbic acid, 
carotene, vitamin B, vitamin E; antimetabolites* 
tiurcamboxane inhibitors, non-steroidal and steroidai 
anti-inflammatory drugs. Beta and Calcium channel 
blocdcers, genetic materials including DHA and RNA 
fra^ents, and complete expression genes, carbohydrates, 
and proteins including but not limited to euitibodics , 
lymphokines, ingrowth factors, prostaglandins, axad 
leuJcotrienes . 

5^ X stent for insertion into a lumen of a vessel 

of a. living being, the stent comprising a tubular mai-n 
body comprising a cambered -interior siarface contactix*^ 
a fluid passing through the lumen of the vessel, a 
leading end facing a direction of flow and a trailix*^ 
end wherein the main body has substantially the safli« 
thicJcness at the leading as at the trailing end- 

The stent of claim S wherein a camber of tl»« 
cambered interior surface has an angle of curva-ture tha.-t 
is substantially within a range of 10* to 20* . 

7. The stent of claim 1 wherein the tubular maiA 

body has a length and a diameter such that the diametear 
is at: least about two times greater than the length. 

8 . The biodegradable stent of claim 1 wherein tli.« 

•tubular main body is a coiled strip. 
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9. The biodegradable s^tent of claim 1 wherein ttae 
ext^^tjclor si2rface includes pores, the pores having a 
diaix&^tier, depth and distribu*tlon that are effective tio 
promote grqvth of cells on tlie exterior surface. 

10, The stent of claim 1 and further including a 
va'be^: soluble coating that overlays the Interior 
sixc£ ace • 

XI. The stent of claim 1 wherein the array of 

biodegradable materials is treated by application o£ 
eneirgy of a magnitude ineffective to cause bonding wiUlx 
livxxig tissue of the lumen while the stent is in ttxe 
lume&A* 

12. stent of claim 11 wherein ^e energy 

causes an increase in -temperature of the array a£ 
biodegradable materials above a glass ^ansition 
'temperature of the biodegradable materials. 

13 ^ The stent of claim 11 and . further including a 

melt:able film coating that overlays the interior sx2rf ace 
and tliat melts upon application of the energy. 

'14* stent of claim 1 having a tubular majun 

body that springs out from a radially compressed state 
to abut a vail of the limen wherein the tubular main 
body is treated by application of energy of a magnitude 
ineffective to cause bonding with the wall of the lumen 
after the tubular main body abuts the wall of the Ixmen • 



15. The stent of claim 14 wherein the energy is 

dermal energy that elevates a temperatxure of the array 
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biodaqradabl. -aterials ot the tubular «^ 
atoov. a 9IMS transition t«.peratnre ot the aiiay. 

, S O,. stent of clal» IS and furtto imlndin* a 

Stable f il. coatin, that overlays the ^^J^^ 
the biode^dabXe main body and that «lts upon 
apellcation of the thermal energy. 



,7 Tb. stent of claim 14 -herein ™y °* 

bi^e^radabl. materials of the tubals: -.1" >^ 
treated by application of mechanical enerw of 
magnitude less than an elastic limit of the array. 

, B Ihe stent of Claim 17 and furth«: including a 

plilrality of .i=ocapsules within the •rrvt 
biodegradable materials, the microcapsules " 
^«rCl indacln, crosslinkin, of the hiode^ada),!- 
^t.ri.1. Wherein the appUcatlon of energy --^^ 
„„,^ting of the microcapsules and a releasju.? of 
^terial indocin, crosslinkin, into the biodegradable 
mailer iails. 

,0 A netbod for shaping a tubular main body of a 

biliegradable steal: made of an array of biodegradal.l« 
materials having a dcf ormable sHape comprasxng: 

positioning the array around and about a 
balloon of a catheter to form 
tubular main body with a first dianet»7 
^ing the balloon to a site vitbia a lma«« 

of a vessel of a living being; 
expanding tbe tubular main body by 

expansion of the balloon to increase t^e 
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f irst diameter of the txibulair main body 
to a second dieuneter; 
heating the txibular main body to a tesqperatiixre 
above a glass transition temperature and 
below a melting temperature of tla.e 
biodegradable materials of the array; 
cooling the tubular main body; and 
releasing the main body from the balloon. 

20. The stent of claim 19 wherein the tubular mai.n 

body includes a meltable coating that adheres tlxe 
tubular main body to the balloon until the tubular main 
body is heated. * 

21 « The stent of claim 19 wherein the tubular mai^ 

body includes a water soluble coating that adheres tlx« 
tubuXar main body to the balloon until the tubular maiJn 
body is heated. 

22. The biodegradable stent of claim 1 wherein tbe 

tubular biodegradable main body includes: 

a. slot extending lengthwise through the main 
body and defined by opposing edges d£ 
the main body wherein the opposing edges 
are moved toward each other undex* 
compression in order to transport tJx^ 
biodegradal3le stent through a vessel o£ 
a living being; and 
a plurality of apertures extending througlx 
the main body* 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

_ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
I^JIADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



